In this study, the thermodynamic performance of hornbeam sawdust (HSD) is examined regarding to content conversion performance, system energy efficiency and hot gas efficiency. The thermodynamic performance of hornbeam sawdust in case of 50 and 100 sL/min air flow rate and varied powers between 3 kW and 6 kW is presented. The syngas content conversion performance of hornbeam sawdust is varied between 336% and 604%. The system energy efficiency of hornbeam sawdust is varied between 20.6 % and 32.57 %. The hot gas efficiency of sawdust is varied between 28.1 % and 46.31%.
Introduction
Plasma gasification; powered by an external energy source, operates at very high temperatures in an oxygen starved environment to decompose input waste material down to elemental molecules. Products are syngas and inert vitreous (glass-like) materials. The final products can be used to generate electricity or liquid fuel production. Plasma gasification system consists of gasification furnace; feeding system; equipment to handle the slug, ash, tar and char; syngas treatment system; and a monitoring and control system. Thermal plasma gasification performance can change depending on the plasma power [1, 2] , reactor temperature [3] , plasma gases flow rate and type of plasma gases [4] , and residence time of material in reactor [5] , size and type of material [6] [7] [8] and moisture content in the reactor [9] . Gasification process is a thermochemical process and the performance of plasma gasification systems can be evaluated in terms of thermodynamic analysis.
In this study, the thermodynamic analysis of hornbeam sawdust gasification performance is examined. For the modelling of the process, the reactor is chosen as control volume and the syngas content conversion performance, the system energy efficiency and the hot gas efficiency are defined and the effects of plasma power from 3 kW to 6 kW and air flow rate from 50 sL/min to 100 sL/min are examined.
Materials and Method
Microwave plasma gasification system MCw Gasifier (Figure 1 ) consists of the following subcomponents; Microwave plasma system, solid waste feeding and fluid supply systems, gasification reactor, process outputs collection system and the measurement -data acquisition system. The experimental system explanation is also given in the presented papers [10] [11] [12] . For the thermodynamic evaluation of gasification system the gasification reactor is chosen as control volume. The mass and energy balance equations are derived for the system. The air flow supplied to the reactor at steady conditions. Also, the plasma heats the reactor with steady power. However, the 250 g of sawdust dosed to the reactor in each case. The sawdust is handled in the reactor at and adequate time period. Because of the time dependent handling of fuel in the reactor, the system is analyzed by transient process equations as given in thesis of author [13] and project report of authors [14] . 
Mass balance in gasification reactor
In order to determine the energy content of individual species, the mass balance should be referred in equation 1:
The mass balance defined above on a conceptual basis can be expressed in equation 2:
The process performance is directly related to the decomposition of hornbeam sawdust into its end products of syngas and ash. Since the profit or the required output is syngas, content conversion performance for the syngas (CCP syn ) can be defined in terms of syngas mass ( %&' ) and mass of hornbeam sawdust, ()*+ ) as follows in equation 3:
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Energy efficiency of gasification reactor
All the input and output energy forms should be defined to write the efficiency terms. There are hornbeam sawdust and plasma energy as input energy while the output is the syngas. In here, the ash is disregarded because of negligible amount of energy content, the air supply is not taken into consideration because of the supplying air in ambient conditions. Heat transfer from reactor is not defined because it is in ırreversibility part and causes the reduction of efficiency. The methodology presented here to evaluate the gasification of sawdust is given in details in the other study of authors [15] .
The definition of syngas energy and fuel energy are given in equation 4 and 5. The input plasma energy is given in equation 6: 
The heating value of gas spaces are tabulated in thermodynamic textbook. The related gases heating value is given in Table 1 . Since energy efficiency parameters are based upon the determination of higher heating value (HHV); HHV of the sawdust can be calculated by using equation 7 described by Channiwala and Parikh, 2002 [17] .
In this equation, C, H, S, O, N and ash are the weight percentage of carbon, hydrogen, Sulphur, oxygen, nitrogen and ash respectively. The weight percentage of these elements is determined by proximate and ultimate analysis and results are presented in the following section. The measurement methodology is also presented in authors paper [11] .
System energy effıciency is defined in equation 8.
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In these efficiency definitions, the temperature of the syngas T %&' or the sensible energy level of the syngas is the critical parameter. Hot gas efficiency η UV is taken into account for the cases of syngas temperature (T %&' is higher than the ambient temperature T W . The system hot gas efficiency η UV is given in equation 9. The syngas temperature for the power and air flow rate are presented in results section. 
Results
In this study, the hornbeam sawdust is taken as fuel for the plasma gasification. The proximate and ultimate analysis are given in Table 2 . The variation of syngas temperature, supplied air amount, produced syngas amount, syngas content by changing power and air flow rate is given in Table 3 . The syngas temperature increases by rising up the plasma power. Because the energy density in the medium increases by increase of power. However, the increase of air flow rate reduces the syngas temperature. The supplied air amount reduces by increase of plasma power. The increase of plasma power reduces the gasification duration and air is supplied to the reactor steadily. This fact reduces the produced syngas amount too. Because the produced syngas amount is consist of fuel and air. The supplied fuel is constant in all the cases (250g). The syngas production decreases approximately 25 % by increasing the plasma power from 3 kW to 6 kW. Similarly, the increase of air flow rate also effects the supplied air amount and produced syngas adversely even the supplied air flow rate rises. Because, the increase of air flow rate is also reduces the gasification duration significantly. The reduction in the syngas production is 21.43 % when the flow rate increases from 50 sL/min to 100 sL/min. As quantity of syngas production varies with plasma power and air flow rate, the quality of syngas varies by changing plasma power and air flow rate too. Variation of syngas content conversion performance, syngas energy, fuel energy, plasma energy, system energy efficiency and hot gas efficiency by changing plasma power and air flow rate are given in Table 4 . The content conversion performance of syngas (CCP %&' ) reduces approximately 32 % in case of 50 sL/min air flow rate and 40 % in case of 100 sL/min air flow rate by increasing the plasma power from 3 kW to 6 kW. On the other hand, the increasing air flow rate enhanced the content conversion performance of syngas (CCP %&' ). The increment in the content conversion performance of syngas (CCP %&' ) is 35 % for 3 kW and 28 % for 6 kW when the flow rate increases from 50 sL/min to 100 sL/min. The highest content conversion performance of syngas (CCP %&' ) is 604 % at 3 kW plasma power, 100 sL/min while the lowest content conversion performance of syngas (CCP %&' ) is 336 % at 6 kW plasma power, 50 sL/min. The system energy efficiency (η ij goes up approximately 37 % in case of 50 sL/min air flow rate, and 15 % in case of 100 sL/min air flow rate by increasing the plasma power from 3 kW to 6 kW. Also, the increment in the system energy efficiency (η ij is 29.6 % for 3 kW plasma power and it reduces 3.6 % for 6 kW plasma power when the flow rate increases from 50 sL/min to 100 sL/min. While the highest system energy efficiency (η ij is 32.57 % at 6 kW plasma power and 50 sL/min air flow rate, the lowest system energy efficiency (η ij is 20.6 % at 3 kW plasma power and 50 sL/min air flow rate. The hot gas efficiency (η UV increases approximately 35 % in case of 50 sL/min air flow rate and 26 % in case of 100 sL/min air flow rate by increasing the plasma power from 3 kW to 6 kW. Also, the increment in the hot gas efficiency (η UV is 22 % for 3 kW plasma power and it rises 6.2 % for 6 kW plasma power when the flow rate increases from 50 sL/min to 100 sL/min. While the highest hot gas efficiency (η UV is 46.31 % at 6 kW plasma power and 100 sL/min, the lowest hot gas efficiency (η UV is 28.1 % at 3 kW plasma power, 50 sL/min.
Discussion
The syngas temperature increases by increase of plasma power while it reduces by increasing the air flow rate. Because the energy density in the plasma region is the critical. When the power increases, the energy density rises in plasma region but increasing air flow rate reduces the energy density and lowers the temperature. The produced syngas amount depends on the supplied air amount, plasma power and gasification duration. When the power increases, the gasification time reduces and it lowers the syngas production. Similarly, increasing air flow rate lowers the gasification duration. The reduction in gasification time also lowers the supplied air amount to the reactor and it affects the produced syngas amount reversely. Syngas energy rises by increase of plasma power. Because the temperature and energy density of the medium gases increase. On the other hand, the air flow rate has reverse effect on the syngas energy. Increasing plasma power also increases the system energy efficiency and hot gas efficiency even the supplied plasma power (consumption) increases. Because the syngas energy is effected much more with plasma power. Also, the supplied air flow rate effects the system energy efficiency and hot gas efficiency favourably.
Conclusions
In this study, thermodynamic performance parameters; syngas content conversion performance, system energy efficiency and hot gas efficiency are defined. The effects of air flow rate and plasma power on plasma gasification performance are revealed. The syngas content conversion performance of hornbeam sawdust is varied between 336% and 604%. The system energy efficiency of hornbeam sawdust is varied between 20.6 % and 32.57 %. The hot gas efficiency of sawdust is varied between 28.1 % and 46.31%.
